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PERCUTANEOUS ABSORPTION OF SODIUM IN CASES OF
EXFOLIATIVE DERMATITIS
JOSEPH A. ELLIOTT, JR., M.D.,* AND HOWARD M. ODEL, M.D. j-
"Starch and soda" baths are frequently used in the treatment of dermatitis.
Occasionally, a patient with cardiac or renal disease and secondary edema also
has a dermatitis which causes a disruption of the absorption-barrier of the epi-
dermis. In cases in which cardiac or renal disease is associated with secondary
edema, it is essential that the intake of sodium be limited in order to prevent or
to rid the patient of edema. If starch and soda baths are used to treat the derma-
titis, the physician may unwittingly be defeating the purpose of a low sodium
diet. However, this can only result if a significant amount of sodium is absorbed
percutaneously from the baths.
The purpose of this study was to determine whether or not enough sodium
could be absorbed from a starch and soda bath to be of significance in cases in
which exfoliative dermatitis is associated with cardiac or renal edema.
MATERIAL AND METHOD OF STUDY
This study is based on 4 cases of generalized exfoliative dermatitis. In all cases,
the blood pressure was normal, and cardiac percussion and auscultation, roent-
genographic examination of the thorax, urinalysis and determination of the con-
centration of blood urea did not reveal any abnormality.
When the study was begun, the patients were given a weighed diet which sup-
plied 0.2 gm. of sodium per day. This diet was continued throughout the period
of study, and care was taken to avoid the ingestion of sodium in any form other
than that included in the diet.
During the period of study, the patients were given a bath for one hour, twice
a day, in one of the following media: (1) Aveeno1 (a third of a pound per tub of
water), a specially milled oat flour product in which the gum-like fraction of oats
has been concentrated; (2) Argo corn starch (1 pound per tub) and sufficient
sodium bicarbonate to form a 0.0275 molar solution, and (3) argo corn starch (1
pound per tub) and sufficient sodium bicarbonate to form a 0.275 molar solu-
tion.
All of the urine was collected, and the total amount passed during each twenty-
four hours was analyzed quantitatively for sodium and chloride. Values for the
serum sodium, the plasma chloride and the carbon dioxide combining power of
the plasma were determined every second day, and values for the blood urea
and total protein were determined every fifth day.
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REPORT OF CASES
Case 1.—A white woman, aged 52 years, was admitted to the hospital in March, 1948,
because of generalized exfoliative dermatitis which had bcgun approximately nine months
previously as an acute weeping dermatitis of the lower part of the legs when the patient
had been canning, and it had been associated with edema of the ankles. The dermatitis had
spread rapidly and had become generalized. The clinical diagnosis was neurodermatitis.
By the thirteenth day of the study, exfoliation, pruritus and burning had disappeared com-
pletely, and by the nineteenth day the skin was almost normal. Figure 1 shows the urinary
excretion of sodium in this case.
Case 2.—A white man, aged 60 years, was admitted to the hospital in January, 1948,
because of a universal erythroderma and exfoliative dermatitis which had begun as an
eczcmatoid dermatitis of his feet in 1945. This had spread to his knees within four months
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Fm. 1. Urinary excretion of sodium while patient in case 1 was receiving 0.2 gm. so-
dium and various types of baths. The dermatitis showed marked clinical improvement by
the thirteenth day of the study.
Fm. 2. Urinary excretion of sodium while patient in case 2 was receiving 0.2 gm. so-
dium and various types of baths.
and had remained stationary until September, 1947, when it suddenly had become gener-
alized. The histologic diagnosis was exfoliative dermatitis of a nonspecific type. Because the
patient was not co-operative the study had to be discontinued after seventeen days. Figure
2 shows the urinary excretion of sodium.
Case 3—A white man, aged 46 years, who had had mild psoriasis since the age of 6 years,
was admitted to the hospital in December, 1947, because of generalized exfoliative derma-
titis which had developed gradually after papular dermatitis had occurred on the dorsum
of his hands in November, 1947. The papular dermatitis had been believed to have been
caused by turpentine. An exacerbation had occurred after treatment with penicillin. The
histologic diagnosis was psoriasis. The urinary excretion of sodium is shown in figure 3.
Case 4.—A white man, aged 58 years, was admitted to the hospital in September, 1948,
because of a universal exfoliative dermatitis which had begun as a papulovesicular eruption
on his face in February, 1947, and had spread to his arms and trunk. He had been hospital-
ized in April and in May of 1947. An intravenous injection of arsenic had been followed
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FIG. 3. Urinary excretion of sodium while patient in case 3 was receiving 0.2 gm. so-
dium and various types of baths.
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FIG. 4. Urinary excretion of sodium while patient in case 4 was receiving 0.2 gm. sodium
and various types of baths.
within two or three hours by burning and edema and by the development of a generalized
dermatitis. The histologic diagnosis was eczematoid dermatitis. The urinary excretion of
sodium is shown in figure 4.
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RESULTS
The total amount of sodium excreted in the urine in twenty-four hours dimin-
ished from more than 1,500 mg. to less than 100 mg. in from five to ten days in
the 4 cases (figs. 1, 2, 3 and 4) when the amount of sodium in the daily diet was
limited to 0.2 gm. and when no sodium was present in the baths. The use of a
0.0275 molar solution of sodium as a bath did not retard this rapid diminution
in the total amount of sodium excreted in the urine in twenty-four hours in case
3 (fig. 3).
In case 1, clinical improvement occurred rapidly during the period of study.
This was reflected in the amount of sodium excreted in the urine (fig. 1). Al-
though the patient was being treated with baths of 0.275 molar solution of so-
dium, the amount of sodium excreted in the urine reached a peak of 218 mg. on
the thirteenth day of the study and then gradually diminished.
In case 2, there was no increase in the amount of sodium excreted in the urine
when the baths were changed from aveeno to corn starch in a 0.0275 molar
solution of sodium. However, when the concentration of sodium in the baths
was increased tenfold, that is, to a 0.275 molar solution, the amount of sodium
excreted in the urine began to increase.
In case 3, there was no increase in the amount of sodium excreted in the urine
while the patient was being treated with baths of a 0.0275 molar solution of
sodium, but, when the concentratioii of sodium in the baths was increased to
form a 0.275 molar solution, there was a dramatic increase in the amount of
sodium excreted in the urine (fig. 3). When the use of baths of corn starch and
sodium bicarbonate was discontinued and baths of aveeno without sodium bi-
carbonate were used instead, there was a rapid decrease in the amount of sodium
excreted in the urine.
In case 4, there was an increase in the amount of sodium excreted in the urine
while the patient was being treated with baths of corn starch in a 0.275 molar
solution of sodium bicarbonate. There was no significant difference in the
amount of sodium excreted in the urine while the patient was being treated with
baths of corn starch in a 0.0275 molar solution of sodium bicarbonate and the
amount of sodium that was excreted in the urine while the patient was being
treated with baths of aveeno without sodium bicarbonate. On the twenty-sixth
day of the study, 3 gm. of sodium bicarbonate inadvertently was administered
by mouth.
COMMENT
When a piece of human skin is suspended in water between 2 electrodes and
a direct current passed through it, the skin behaves like a membrane with a
negative charge (1). This same phenomenon is observed when a direct current
is passed through the human body (2). This effect has been attributed to the
transitional layers (stratum granulosum and stratum lucidum) (3, 4, 5) and, in
particular, to the stratum lucidum by Rein (6), Zeiger (7), and Pincus (8). As
a result of this negative charge, the intact human skin is impermeable to anions,
and the passage of electrolytes normally does not occur.
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It has been shown that the walls of the hair follicles and the glandular cells of
the sebaceous glands are permeable to electrolytes to a certain degree (3, 9,
10, 11).
The weight of evidence leads one to conclude that the skin of man is relatively
impermeable to electrolytes (2, 12, 13, 14). Lehmann has shown that the skin
is impermeable to sodium salts (15).
When destructive lesions of the epidermis, such as exfoliative dermatitis,
eliminate the physiologic barrier, electrolytes can be absorbed without diffi-
culty (16).
There are 2 basic types of edema: (1) that resulting when the walls of blood
capillaries are permeable to protein, so that the concentration of protein in the
interstitial fluid is abnormally great, and (2) that resulting when there is a dis-
turbance in the balance between intracapillary blood pressure and osmotic pres-
sure of plasma proteins. Associated with nephrosis is an abnormal loss of protein
in the urine, and in cases of congestive heart failure the renal excretion of sodium
is decreased, hypervolemia is present, and the venous pressure is increased. In
both conditions, the end resulb is diffusion of fluid from the blood vessels into
the extracellular compartment, with the formation of edema (11).
Theoretically, edema cannot develop or increase unless water and sodium
enter the organism, for each liter of edema fluid contains approximately 140
mEq. (3.30 gm.) of sodium (17, 18). This is substantiated clinically by the fact
that edema does not increase when the patient receives a diet sufficiently low in
sodium even though the intake of water is unlimited. It also is substantiated by
the fact that, without a net increase in body sodium, additional extracellular
fluid does not form (17, 19). Within recent years, there has been increasing em-
phasis on the importance of sodium in the production of edema.
Since the intake of water cannot be rigidly controlled owing to variable
amounts in the food and owing to variation in the minimal requirements of the
body for urine, feces and insensible loss, it is important to limit the intake of so-
dium in cases of nephrotic or cardiac edema in order to prevent further develop-
ment of edema and to rid the patient of the edema present.
It can be assumed that absorption of sodium from starch and soda baths is
insignificant in cases in which the skin is intact. However, in the event the pa-
tient has exfoliative dermatitis with disruption of the absorption-barrier, ab-
sorption of sodium may be expected as illustrated by the results of this study
(figs. 1, 2, 3 and 4).
The amount of sodium excreted in the urine is not a quantitative measure of
the amount of sodium absorbed through the skin in these cases since some
sodium undoubtedly is retained in the body. However, any error present results
in decreased excretion of sodium in the urine and may be interpreted as indica-
tive of decreased absorption of sodium. Thus any error in results is one of
minimization rather than exaggeration.
It is interesting to note in figure 1 that absorption of sodium diminished to a
negligible amount with restOration of the absorption-barrier and with clinical
improvement.
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It also was noted that absorption of sodium appears to be significant only
when the patient receives baths containing a relatively high concentration of
sodium. Since the weaker concentration of sodium is the one usually used in der-
matologic therapy, one might reason that starch and soda baths would be safe
to use. However, it is reasonable to assume that some sodium would be absorbed
if the dermatitis were extensive and acute, and that, over a period of time, the
amount absorbed might be significant in cases of cardiac or renal edema.
It is known that sodium also is absorbed across the genital and rectal mucous
membranes which do not possess transitional layers; however, we are concerned
in this study not with a single site of absorption, but rather with total absorption.
SUMMARY
Starch and soda baths frequently are used in the treatment of various types of
dermatitis. It is conceivable that in a case of cardiac or nephrotic edema, in
which a low sodium intake is necessary in order to prevent further development
of edema and to rid the patient of any edema present, the patient also may have
a dermatosis which disrupts the absorption-barrier (transitional layers). In this
circumstance, starch and soda baths should theoretically result in percutaneous
absorption of sodium and thus defeat the purpose of the diuretic regimen.
Studies carried out in cases of exfoliative dermatitis in which the cardiac and
renal function was normal but in which there was a disruption of the absorption-
barrier, showed that a significant amount of sodium is absorbed from starch and
soda baths when the baths consist of a 0.275 molar solution of sodium but not
when they consist of a 0.0275 molar solution.
CONCLUSIONS
1. In cases of exfoliative dermatitis, a significant amount of sodium is not ab-
sorbed from baths of corn starch in a 0.0275 molar solution of sodium bicarbo-
nate, but a significant amount of sodium is absorbed from baths of corn starch
in a 0.275 molar solution of sodium bicarbonate.
2. Although a significant amount of sodium is not absorbed from baths of
corn starch in a 0.0275 molar solution of sodium bicarbonate, which is the con-
centration used in dermatologic therapy, it is advisable to use collOidal baths in
cases in which the intactness of the skin is disrupted and the patients have edema
attributable to nephrosis or congestive heart failure.
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